LETTERS TO THE EDITOR
Comment on 'Measurement of activity concentrations of natural radionuclides in the topsoil of IITA Ibadan by gamma-ray spectrometry' Dear Sir I was interested to see the paper by Okeyode and Farai (2007) describing the methodology for and results of baseline radioactivity measurements against which any future environmental contamination at the site of an agricultural institute could be compared. However, I was rather surprised to see in the abstract, a result quoted as an 'average activity of 11.01 ± 7.686 Bq kg −1 for 232 Th', an assessment from a NaI(Tl) detector spectrometry system. On careful reading it transpires that the uncertainties they quote are the standard deviations of their 60 soil sample measurements. However, as these are individual samples, taken at regular intervals over a wide range of terrain about 1 km square containing six different soil types, it is perhaps not surprising that they find a wide range of values. Indeed, it would have been more helpful to quote the minimum and maximum values measured in each case as the distributions are clearly not Gaussian.
Evidently, when I first looked at table 9, I was unsure how to interpret their values as the standard deviations give such strong evidence for a skewed distribution. On a second look, I realized that instead of giving the activity concentrations of the individual radionuclides measured ( 40 K, 238 U and 232 Th), the authors had taken the mean of these three results for each soil sample. Similarly, in the fourth column, instead of adding the dose rate from the three radionuclides, as indicated in equation (6), the authors have taken the mean value of the dose rate for the three radionuclides, which is meaningless. Consequently, I believe that table 9 is unhelpful and indeed misleading to anyone who does not look carefully at the data. To vindicate the authors, they have indeed presented the data for the individual radionuclides, in the form of the figures 5 and 6. Table 10 is also interesting in that it gives the values that are presented in figure 7 , although unfortunately the heading of the third and last columns has slipped the micro symbol from the Sv unit. The authors also seem to have defined a new quantity 'effective dose equivalence' in figure 7 whereas they imply in the text that they have calculated an 'average personal dose equivalent'.
To return to my first surprise, in terms of the measurement precision, it appears that the authors have been somewhat overzealous in their application of statistical methods. To calibrate their measurement system they used a standard soil sample from a US laboratory in California that itself is traceable to a mixed gamma source at another US laboratory in Georgia. The activity concentrations in this soil sample that they use to calibrate their system are quoted to three significant figures (with no uncertainty attributed although it is highly unlikely that the calibration laboratory would not have provided this information) yet they calculate their own system's calibration coefficients from these 'certified sources' to six significant figures. They attribute their counting uncertainty as √ N but do not appear to use this at all in their assessment of uncertainties. No other indication of the uncertainties involved is given. I am really concerned that the final concentration uncertainties are quoted to the nearest mBq/kg when the certified source itself is not better than 100 mBq/kg. Similarly, to quote an average personal dose equivalent from outdoor terrestrial gamma radiation to the nearest 10 nSv/a is unrealistic. The authors should have noted that the UNSCEAR, in its wisdom, does not quote a world mean to better than 5000 nSv/a. Incidentally, the conversion coefficient should have been stated as 0.7 Sv Gy −1 , which I guess is a typographical error but disappointing that the authors did not pick this up in reading their proofs. That this coefficient and the outdoor occupancy factor are each given by the UNSCEAR to only one significant figure should have encouraged the authors to consider their conclusions with a more realistic evaluation of (12 to 38) μSv a −1 as the range of values identified for their baseline, with one exception, an outlier of 75 μSv a −1 that is weighted by the concentration of 232 Th at location point 1, which was about 5 times higher than for any other location.
In conclusion, I should like to encourage these and other authors, and all reviewers, to consider these comments about the consideration of uncertainties in radiological protection papers. , pointed out that ". . . there is of the order of 1000-fold difference in effect per unit activity between tritiated water (HTO) and tritiated thymidine. However, this result was obtained with the essentially artificial situation of an in vitro culture containing tritiated thymidine for the duration of the experiment". On the one hand, the preimplantation embryo in vitro is not as artificial as it may look, because the development almost exactly corresponds to that in vivo; this can be nicely shown by back transfer into pseudo-pregnant mice after several days in vitro and successful birth. On the other hand, every experiment is artificial. But this does not mean that the results do not have any implications in 'real life'. If there are no such implications, we should stop experiments immediately, because then they are a waste of time and money. Thirdly, it is correct that in the experiments described by Streffer et al [2] , tritiated thymidine was present for the duration of the experiment, but experiments with just a two-hour pulse of either tritiated thymidine or tritiated arginine have shown very similar results [3] . And finally, the problem of tritiated cell nucleus-seeking compounds is not restricted to the preimplantation embryo: every cell of the human body will be affected in the same way, because all of our cells need thymidine or histone precursors. The preimplantation embryo was only chosen as a model because this system has a lot of advantages over regular cell cultures.
Reference
Another aspect in the context of risk exerted by tritiated thymidine or tritiated arginine (or other tritiated amino acids incorporated into the nuclear material of the cell) is much more important. Dr Bridges argues that "Moreover, the ratio quoted by Müller is based on units of activity in the medium, not on dose to either cell or nucleus. When the tritium activities are converted to dose to DNA then it is seen that there is little difference between HTO and tritiated thymidine". This is entirely correct (and has been shown also by ourselves among others). But with respect to radiation risk due to the compounds mentioned above, dose is not the relevant parameter, but activity! Human beings do not ingest dose, they ingest activities, which, of course, translate into dose. Thus, it makes a huge difference whether one takes up 100 Bq of HTO or 100 Bq of tritiated thymidine.
By the way, the RBE discussion is important, but the possible increase in the estimated risk is marginal compared to the increase in risk due to the exposure of the cell nucleus by tritiated DNA and histone precursors. And therefore it is crucial to check the extent to which HTO/HT are converted into cell nucleus-seeking compounds that end up in our food. Microorganisms and, in particular, plants through their photosynthesis are able to convert HTO/HT into organically bound tritium, and also among others into tritiated nucleotides and amino acids.
To put it straight: I do not maintain that it has been proven that there is a significant hazard, but no one has shown up to now that it is safe to release high amounts of HTO/HT into the environment, taking into consideration that a fraction of the tritium is incorporated into precursors of DNA and histones. Thus, research in this field is urgently required before high amounts of HTO/HT are released into the environment.
AGIR tritium report (HPA 2007) , the available evidence from in vivo systems does not suggest that the amount of tritium that is incorporated into DNA is sufficiently large to cause a great distortion in RBE. The opinion of the AGIR group was that a wide range of animal and human data provide general support for the ICRP models. The Group recommended that default ICRP biokinetic and dosimetric approaches continue to be used in general radiation protection applications. Of course, where doses approach relevant limits or constraints, or if there is sufficient concern about doses from tritium, then it would be appropriate to develop special models for calculating doses to critical groups, including the use of specific biokinetic models and RBE values. 

